###### Strengths and limitations of the study

-   This study was based on a large prospective population-based cohort of preterm infants (n=5732).

-   Appropriate multivariable statistical analyses were used to properly model the complex relationships between low gestational age, neurodevelopmental outcome and the risk of parental separation (mediation analyses and survival Cox models).

-   The socioeconomic factors known to influence the risk for parental separation were taken into account in order to limit possible confounding bias.

-   No information was available regarding the relationship between the parents before the birth of their infants.

-   Given that the gestational age of our reference population was between 32 and 34 weeks, we cannot exclude the existence of a small effect of preterm birth on the risk of parental separation.

Introduction {#s1}
============

Understanding the impact of preterm birth on parental separation is critical as parental separation have negative consequences in childhood,[@R1] notably on cognitive and psychological developments that can persist in the adolescence[@R4] and adulthood.[@R5] In France, 9.9% of marriages entered into in the year 2000 ended in divorce within 5 years (national statistics from the French Institute for Statistics and Economic Studies^[i](#fn1){ref-type="fn"}^ (INSEE)). The increasing number of preterm births makes these questions more and more topical. Moreover, these questions are of great concern in public health and for structures such as preterm infants' parental organisations.

The birth of a preterm[@R7] or very low birth weight infant (VLBW)[@R10] is a stressful event for the parents. Compared with mothers of full-term infants, mothers of preterm infants have been shown to have a higher risk of experiencing psychological distress and depressive symptoms following the infant's birth.[@R16] In addition to psychological distress, the birth of a preterm infant frequently has a substantial economic impact on the family involved.[@R19] All these factors that affect the life of the family can have negative consequences for the relationship between the parents.

A neurodevelopmental disability following a preterm birth could mediate, at least partly, the effect of preterm birth on parental separation. On the one hand, preterm births are indeed associated with a high risk of neurodevelopmental disabilities.[@R21] On the other hand, neurodevelopmental disabilities have been shown to be associated with an increased risk of parental separation.[@R23] However, no longitudinal study has investigated the complex relationships between low gestational age (GA), neurodevelopmental outcome and parental separation. The objective of this study was to investigate, in a large longitudinal population-based cohort of preterm infants, both the effects of low GA and the infant's neurodevelopmental outcome at 2 years of age on the risk of parental separation within 7 years of giving birth.

Materials and methods {#s2}
=====================

Study population {#s2a}
----------------

The study population was composed of surviving preterm infants enrolled in the Loire Infant Follow-up Team (LIFT),[@R31] born at \<35 weeks of gestation between January 2005 and December 2013, and who were evaluated at 2 years of corrected age to assess their neurodevelopmental outcomes ([figure 1](#F1){ref-type="fig"}). The LIFT network includes 24 maternity clinics in the Pays-de-la-Loire region (one of the 13 administrative regions in France) with the objective to screen for early clinical anomalies associated with preterm births and to provide specifically adapted care. The follow-up consisted of standardised visits by trained physicians at 3, 6, 9, 18 and 24 months as well as at 3, 4, 5, 6 and 7 years after the birth of the infant. Data used in this study were routinely collected (ie, not collected for the purpose of the study).

![Flowchart. LIFT, Loire Infant Follow-up Team; PDL, Pays-de-la-Loire region; WG, weeks of gestation.](bmjopen-2017-017845f01){#F1}

Perinatal data {#s2b}
--------------

Perinatal data comprised the date of birth, gender, GA and birth weight. The birth weight Z-score was computed according to the Olsen standards.[@R32]

Parental situation {#s2c}
------------------

Information regarding relationship status was binary (ie, as parents living together or parents living separately). For parents who had separated, the first date at which they were reported to be separated was used. Relationship status was not available at the time of inclusion. Consequently, for the separations reported at the 3-month visit, there was the possibility that the parents had already undergone separation at the time of the infant's birth. Therefore, to ensure temporality between preterm birth and parental separation, separations reported at the 3-month visit were excluded.

Neurodevelopmental outcome at 2 years {#s2d}
-------------------------------------

Infants were evaluated at 2 years of corrected age. Assessment to define optimal and non-optimal neurodevelopmental outcomes included a physical examination by a LIFT-trained paediatrician, a psychomotor evaluation by a LIFT network psychologist and a parent-completed questionnaire. Neuromotor evaluation was regarded as non-optimal in the case of cerebral palsy or when the physical examination revealed relatively milder signs of abnormal movement during independent walking according to the Amiel-Tison criteria.[@R33] Psychomotor evaluation was assessed with the revised Brunet-Lézine test (four domains: movement/posture, coordination, language and socialisation).[@R34] The mean and maximal global scores were 100 and 140, respectively, and values of \<85 were considered non-optimal psychomotor development. Infants who were not able to perform the revised Brunet-Lézine test were considered to have non-optimal psychomotor development. Furthermore, neurodevelopmental outcome was assessed with the parent-completed 'Ages and Stages Questionnaire' (ASQ).[@R35] The ASQ assesses development in the following five areas: communication, gross motor, fine motor, problem solving and sociopersonal skills. The maximal overall ASQ score is 300 and a score of \<185 was considered non-optimal.[@R37] Finally, sensory disabilities such as blindness or infants that required a hearing aid were taken into account. Overall, infants with a non-optimal neuromotor and/or psychomotor assessment and/or a sensory disability were regarded as having a 'non-optimal neurodevelopmental outcome'. Infants without a documented physical examination or psychomotor assessment were considered as non-assessable at 2 years except for infants with severe neurological disabilities. This definition of non-optimality has been used in other studies.[@R38] To simplify matters, a non-optimal neurodevelopmental outcome will be referred to as non-optimality.

Socioeconomic information {#s2e}
-------------------------

The socioeconomic data consisted of the socioeconomic level and eligibility for social security benefits for those with low incomes. The socioeconomic level took into account the parent with the more highly rated job according to a scale based on the official classification developed by the INSEE institute. The socioeconomic level and eligibility for social security benefits for those with low incomes were considered as two-level categorical variables.

Urbanicity of the residential municipality {#s2f}
------------------------------------------

The residential municipality was considered either urban or rural based on definitions developed by the INSEE institute. Municipalities were considered rural or urban depending on the distance between buildings and the number of inhabitants.

Statistical analysis {#s2g}
--------------------

The statistical analyses were conducted in three steps. First, the crude associations between GA and non-optimality at 2 years and the risk of parental separation were investigated with Kaplan-Meier curves and log-rank tests.

Second, a mediation analysis was used to estimate the proportion of the effect of low GA on the risk of parental separation that was mediated by non-optimality at 2 years. The aim of a mediation analysis is to decompose the effect of an exposure on an outcome into a direct effect and an indirect effect that is mediated by an intermediate variable (the mediator). Mediation analyses used were based on the counterfactual framework. A counterfactual variable describes what would have happened if we had intervened on exposure. This framework allows the decomposition of the causal effect into a so-called natural direct and natural indirect effect. A natural direct effect measures the change in outcome (the risk of parental separation) that would be observed if we could change the exposure (low GA) but leave the mediator (optimality at 2 years) at the value it naturally takes when the exposure is left unchanged. A natural indirect effect measures the change in outcome (the risk of parental separation) that would be observed if we could change the mediator (optimality at 2 years) as much as it would naturally change when exposure was changed without actually changing the exposure (low GA). GA was considered as a three-level categorical variable: GA 32--34 (reference), GA 28--31 (very preterm birth) and GA 24--27 weeks (extremely preterm birth). The estimations of natural direct and indirect effects were done while adjusting for the possible confounding factors: gender, multiple pregnancies ('yes' or 'no'), Z-score of birth weight (\<−1, between −1 and 0, between 0 and 1, and ≥1), socioeconomic level ('high' or 'intermediate'), social security benefits for those with low incomes ('yes' or 'no') and urbanicity of the residential municipality ('urban' vs 'rural'). Moreover, this analysis accounted for the censored nature of the outcome. The possible interaction between the exposure and the mediator was tested. Mediation models used here are based on natural effect models[@R41] implemented in the R package medflex.

Third, the effect of the non-optimality at 2 years on the risk of parental separation was estimated using the multivariable Cox model. Furthermore, the effect of gestation age on non-optimality at 2 years was estimated using logistic regression. For these two models, the same adjustment variables as those considered in the mediation analysis were included in the models. All analyses were performed using R software^[ii](#fn2){ref-type="fn"}^.

Four sensitivity analyses were performed. In the first one, parental separations occurring before the 24-month visit were excluded to ensure the temporality between neurodevelopmental outcome and parental separations. In the second analysis, an imputation of the missing data was performed using a multiple imputation method. The third analysis concerned the comparison of the characteristics of the infants who were lost to follow-up between 2 and 5 years and those who were still followed at 5 years. Finally, a last analysis was performed by keeping only one infant from each twins' pair to check the robustness of the results regarding the assumption of non-independence between twins.

Results {#s3}
=======

Between January 2005 and December 2013, 6937 infants born at \<35 weeks of gestation in the Pays-de-la-Loire region, France, were enrolled in the LIFT cohort. The following infants were excluded from the study population: infants whose parents were separated at the 3-month (n=185) or 84-month visit (n=20), infants without neurodevelopmental evaluation at 2 years but still followed (n=392) and infants lost to follow-up at 2 years (n=315). In light of these exclusions, the study population consisted of 5732 preterm infants, corresponding to 83% of the infants initially enrolled in the cohort ([figure 1](#F1){ref-type="fig"}).

During the follow-up, 10.0% of the parents reported having undergone separation (n=572), corresponding with an incidence rate of 23.8 separations per 1000 infant-year. The median time at which separations were reported was 22 months following the birth of the infant with an IQR of 10.3--43.3 months. 30.2% (n=1730) and 8.9% (n=508) of the infants were born very or extremely preterm, respectively. 19.1% (n=1096) of the infants were considered non-optimal at 2 years. Lastly, the median length of the total follow-up was 56 months (IQR=32.1--69.2) ([table 1](#T1){ref-type="table"}).

###### 

Descriptive characteristics of the study population and comparison between preterm infants included in the study and those not included

  ----------------------------------------------------------------------------------------------------
  Variable                        Category       Included (n=5732)   Not included (n=1205)   p Value
  ------------------------------- -------------- ------------------- ----------------------- ---------
  GA (weeks)                      32--34         3494 (61.0)         802 (66.6)              \<0.001

  28--31                          1730 (30.2)    321 (26.6)                                  

  24--27                          508 (8.9)      82 (6.8)                                    

  Gender                          Woman          2640 (46.1)         589 (48.9)              0.079

  Man                             3092 (53.9)    616 (51.1)                                  

  Multiple pregnancy              No             3617 (63.1)         830 (68.9)              \<0.001

  Yes                             2115 (36.9)    375 (31.1)                                  

  Z score of birth weight         \<−1           1378 (24.0)         285 (23.9)              0.999

  −1 to 0                         2044 (35.7)    426 (35.7)                                  

  0 to 1                          1787 (31.2)    371 (31.1)                                  

  \>1                             523 (9.1)      110 (9.2)                                   

  Socioeconomic level             Intermediate   4254 (74.2)         1024 (85.0)             \<0.001

  High                            1478 (25.8)    181 (15.0)                                  

  SSB due to low income           No             5031 (87.8)         968 (80.3)              \<0.001

  Yes                             701 (12.2)     237 (19.7)                                  

  Urbanicity                      Rural          2104 (36.7)         376 (31.2)              \<0.001

  Urban                           3628 (63.3)    829 (68.8)                                  

  Length of follow-up (months)\                  56 (32.1--69.2)     16.6 (8.1--56.9)        \<0.001
  (median (IQR))                                                                             
  ----------------------------------------------------------------------------------------------------

GA, gestation age; SSB, social security benefits.

In the bivariable analysis, both GA and non-optimality at 2 years were associated with an increased risk of parental separation (online [supplementary table 1](#SP1){ref-type="supplementary-material"}, [figure 2](#F2){ref-type="fig"}). However, the mediation analysis showed that all the effect of low GA in very and extremely preterm infants on the risk of parental separation was mediated by the non-optimality at 2 years of age (online [supplementary figure 1](#SP1){ref-type="supplementary-material"}). Preterm birth were associated with a higher risk of non-optimal neurodevelopment at 2 years, corresponding to OR=2.1 (1.8 to 2.4) and OR=4.2 (3.4 to 5.2) for very and extremely preterm infants, respectively (online [supplementary table 2](#SP1){ref-type="supplementary-material"}). The non-optimality at 2 years was associated with an increased risk of parental separation corresponding to a HR=1.49 (1.23 to 1.80) ([table 2](#T2){ref-type="table"}, [figure 3](#F3){ref-type="fig"}). Furthermore, a significant interaction was found between non-optimality and social security benefits due to low income on the risk of parental separation (online [supplementary table 3](#SP1){ref-type="supplementary-material"}). Finally, a lower parental socioeconomic level, receiving social security benefits due to low income and living in urban areas were associated with a higher risk of parental separation. The area under the curve of this model was 0.69. The results of the relationships between GA, non-optimality and parental separation are summarised in [figure 3](#F3){ref-type="fig"}.
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![Relationship between the neurodevelopment of preterm infants and the occurrence of parental separation, using Kaplan-Meier curves (n=5732).](bmjopen-2017-017845f02){#F2}

![Summary of the relationships between low GA, neurodevelopment of preterm infants (non-optimality at 2 years) and the risk of parental separation. OR and HR were estimated using two different models (because of the absence of direct effect of low GA on the risk of parental separation). Model 1: logistic regression with outcome=non-optimality at 2 years and exposure=gestational age. Model 2: Cox model with outcome=parental separation and exposure=non-optimality at 2 years. Adjustment variables for both models: gender, multiple pregnancies, Z-score of birth weight, socioeconomic level, social security benefits for those with low incomes and urbanicity of the residential municipality. Only significant adjustment variables were reported in this figure. GA, gestational age; \*SSB: social security benefits due to low income; ZS, Z-score](bmjopen-2017-017845f03){#F3}

###### 

Crude and adjusted association between the neurodevelopment of preterm infants and the risk of parental separation. Adjustment was made on perinatal characteristics of the infants, the socioeconomic level of the family and the urbanicity of the residential municipality (n=5732)

                            Category       n (%)                 Raw HR (95% CI)       Adjusted HR (95% CI)
  ------------------------- -------------- --------------------- --------------------- ----------------------
  Optimality at 2 years\*   Yes            4636 (80.9)           1                     1
                            No             1096 (19.1)           1.58 (1.31 to 1.90)   1.49 (1.23 to 1.80)
  Gender                    Woman          2640 (46.1)           1                     1
  Man                       3092 (53.9)    1.07 (0.90 to 1.26)   1.07 (0.91 to 1.27)   
  Multiple pregnancy        No             3617 (63.1)           1                     1
  Yes                       2115 (36.9)    0.94 (0.79 to 1.11)   0.97 (0.81 to 1.15)   
  Z score of birth weight   \<−1           1378 (24.0)           1                     1
  −1 to 0                   2044 (35.7)    1.03 (0.84 to 1.28)   1.1 (0.89 to 1.36)    
  0 to 1                    1787 (31.2)    0.9 (0.72 to 1.12)    0.96 (0.77 to 1.20)   
  \>1                       523 (9.1)      0.96 (0.70 to 1.33)   1.03 (0.75 to 1.43)   
  Socioeconomic level       Intermediate   4254 (74.2)           1                     1
  High                      1478 (25.8)    0.62 (0.50 to 0.76)   0.64 (0.52 to 0.79)   
  SSB due to low income     No             5031 (87.8)           1                     1
  Yes                       701 (12.2)     4.09 (3.43 to 4.86)   3.68 (3.09 to 4.39)   
  Urbanicity                Rural          2104 (36.7)           1                     1
  Urban                     3628 (63.3)    1.91 (1.57 to 2.31)   1.81 (1.49 to 2.20)   

\*Infants with a non-optimal neuromotor and/or psychomotor assessment and/or sensorial disability at 2 years were considered as non-optimal.

SSB, social security benefits.

Discussion {#s4}
==========

Using a large population-based cohort study, we found that the effect of low GA on the risk of parental separation was entirely mediated by the neurodevelopmental outcome at 2 years. Parents of preterm infants with a non-optimal neurodevelopment at 2 years were 50% more likely to have undergone separation in the years following the birth of the infant, independently of the socioeconomic factors. This increased risk was further aggravated by low socioeconomic conditions.

A strength of this study was the use of mediation analysis. Because of the association between GA and neurodevelopmental outcome at 2 years, mediation analysis is a relevant approach to investigate the effects of GA and neurodevelopmental outcome on the risk of parental separation. An alternative approach would have been to build a single model predicting parental separation with these two risk factors and the adjustment variables. However, this model would not have accounted for the strong association between GA and neurodevelopmental outcome and, therefore, could have led to biased results. A further strength of this study was the large number of infants included, which allowed a high statistical power to be attained. In addition, the longitudinal data and the corresponding survival analyses allowed us to account for the timing of parental separations, rather than simply distinguishing between whether the parents were living together or not. Furthermore, the socioeconomic factors known to influence the risk for parental separation were taken into account. For infants whose parents underwent separation before the 24-month visit (n=221), there was a doubt regarding the temporality between the neurodevelopmental outcome and the parental separation. The sensitivity analysis showed that without these infants, the results were exactly the same, probably due to the early occurrence of neurodevelopment impairments during the infant's development (online [supplementary table 4](#SP1){ref-type="supplementary-material"}). Moreover, a sensitivity analysis was performed after imputation of the missing data (n=1000) using a multiple imputation method. The robustness of the results demonstrated the absence of bias related to missing data (online [supplementary table 5](#SP1){ref-type="supplementary-material"}). Finally, the analysis performed by keeping only one infant from each twins' pair showed similar results (online [supplementary table 6](#SP1){ref-type="supplementary-material"}).

The present study has several limitations. First, this study may underestimate the proportion of parental separation due to a bias in the declaration of relevant information; for example, during the examination of the infant by the paediatrician there could a degree of reluctance from the parents to reveal that they are no longer living together. In our study, 12.3% of the parents were found to have undergone separation within an average follow-up time span of 5 years (including separations occurring at the 3-month and 84-month visits that were excluded from analyses). National statistics from the INSEE institute state that 9.9% of marriages entered into in the year 2000 ended in divorce within 5 years, suggesting the absence of bias in parental separation declaration. Second, the characteristics of infants that were excluded from the study population were not comparable to those who were included ([table 1](#T1){ref-type="table"}). For example, late preterm infants born to families with a lower socioeconomic level were over-represented in the category that was not included for the analysis. However, the absolute differences in the perinatal characteristics were rather small, thus indicating that inclusion criteria did not result in an obvious selection bias. Third, given that the GA of our reference population was between 32 and 34 weeks, we cannot exclude the existence of a small effect of preterm birth on the risk of parental separation, although one that is not detectable with our study design. Further studies using a population of full-term infants as reference are needed to confirm our results. Fourth, no information was available regarding the relationship between the parents before the birth of their infants. A very conflictual relationship might be associated with a higher risk of giving birth to a preterm infant. Our study could, therefore, overestimate the effect of a non-optimal neurodevelopment on the risk of parental separation. Fifth, some factors that may be associated with parental separation were not available in this study and were thus not accounted for, such as the age of the parents or the number of children living in the household. Finally, some infants were lost between 2 and 5 years of follow-up (1518 out of 4813). These infants had slightly different characteristics (online [supplementary table 7](#SP1){ref-type="supplementary-material"}). However, no difference was observed for the proportion of parents who underwent separation.

In the present study, optimality was defined using neuromotor, psychomotor and sensory evaluations, thereby revealing particularly severe pathologies or clinical symptoms. The association between optimality and parental separation is in accordance with the results of previous studies demonstrating negative consequences on the parent's relationship in case of a severe disease.[@R24] Interestingly, parents of extremely preterm infants with an optimal neurodevelopment at 2 years did not have a higher risk of separation. The increased risk of separation by parents of VLBW (\<1500 g)[@R42] in a US national survey conducted on 6016 births might be due to the fact that occurrences of disability were not taken into account during the follow-up. Therefore, we agree with the authors' statement that their values may be regarded as conservative estimates of the effect of infant disability on parental separation. While a preterm birth may not, on average, be directly responsible for the disruption of a couple's relationship, the discovery of associated severe infant disabilities or neurodevelopmental delays could profoundly challenge the parent's relationship. The increased risk of parental separation seems to be due to the presence of repeated stressful events within the first years of the infant's life. Lastly, this study provides evidence for a major impact of socioeconomic factors on the risk of parental separation. This result is in accordance with several studies that showed no or limited parental education and low family income are strong risk factors for separation,[@R26] parental stress[@R13] and psychological distress.[@R16]

Conclusions {#s5}
===========

The effect of low GA on the risk of parental separation was mediated by the infant's neurodevelopment, with 50% more separations among parents of infants with non-optimal neurodevelopment. This increased risk was aggravated by low socioeconomic conditions.
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